Opuntia dillenii (KER-GAW.) HAW. is a cactus that grows mainly in the south of China and is called Xian Ren Zhang ( ) in Chinese. The stem of this plant is used as a folk medicine for the treatment of diabetes, gastric ulcer, inflammatory and several other diseases, while its reddish fruit is commonly used as a coloring agent for foods, drinks and drugs. As chemical constituents of this plant, we previously isolated the flavonols such as quercetin, 3-O-methyl quercetin, kaempferol, kaempferide, and isorhamnetin and bsitosterol from the stems. 1) In our continuing study on the chemical constituents of O. dillenii, we found that the aqueous ethanolic extract showed potent radical scavenging effect. From the extract, three new compounds (2-4) were isolated together with 14 known compounds. In this paper, we report the isolation and structure elucidation of new compounds as well as the radical scavenging effect of the principal constituents.
The 80% aqueous ethanol extract from the fresh stems of O. dillenii, which were collected on the beach of Hainan province of South China, was separated by the procedure shown in Chart 1; that is, it was partitioned into a chloroform and water mixture. The aqueous phase was further extracted with 1-butanol. The 1-butanol-soluble phase was subjected to silica gel column chromatography to give seven fractions. As is apparent from Chart 1, each fraction was subjected to further separation using repeated ODS, silica gel, Sephadex LH-20 column chromatography, and HPLC to give opuntiol (1, 0.0032%), 2, 3) p-hydroxybenzoic acid (0.0023%), L-(Ϫ)-malic acid (0.00019%), opuntioside I (2, 0.078%), 3,3Ј-dimethylquercetin (0.00019%), 4) (E)-ferulic acid (0.00053%), 4-ethoxyl-6-hydroxymethyl-a-pyrone (3, 0.00013%), 1-heptanecanol (0.0019%), vanillic acid (0.00035%), isorhamnetin-3-O-rutinoside (0.0070%), 5) rutin (0.00014%), 7) manghaslin (0.003%), 8) Enzymatic hydrolysis of 2 with b-glucosidase in acetate buffer (pH 4.4) yielded opuntiol (1) as the aglycon. Acid hydrolysis of 2 with 1 M HCl in dioxane-H 2 O (1 : 1) also liberated 1 and D-glucose, which was identified by HPLC analysis using optical rotation detection. 10) Comparison of the carbon chemical shifts in the 13 C-NMR data for 2 with those for opuntiol (1) indicated a glycosidation shift around the 7-position of the opuntiol moiety. In the heteronuclear multiple bond connectivity (HMBC) spectrum, a long-range correlation peak was observed from the anomeric proton of substituted glucosyl moiety at d 4.37 to the 7-carbon of the aglycon part at d C 67.0. Thus, the position of the glucosyl moiety was confirmed to be at the 7-position and the structure of opuntioside I (2) was characterized as shown.
Compound 3 was shown to have the molecular formula . These proton signals were very similar to those of 1, expect for the signals due to the 4-substituent, an ethoxyl group, which were observed at d 4.06 (q, Jϭ6.9 Hz, 8-H 2 ) and d 1.41 (t, Jϭ6.9 Hz, 9-H 3 ). The 13 C-NMR (CD 3 OD) data 9) of 3 indicated that it was a pyrone derivative with 4-ethoxyl and 6-hydroxymethyl groups. Finally, the structure of 3 was confirmed by the HMBC experiment, which showed long-range correlations between the following protons and carbons: 3-H and 2-C, 4-C; 5-H and 6-C; 7-H 2 and 5-C, 6-C; 8-H 2 and 4-C. In the difference nuclear Overhauser effect (NOE) experiment on 3, the NOE correlations were observed between the olefinic protons and the ethoxyl group. On the basis of this evidence, 3 was determined to be 4-ethoxyl-6- The oligoglycoside structure of 4 was confirmed on the basis of HMBC experiment, which showed long-range correlations between the 1ٞ-proton and 4Љ-carbon and between the 1Љ-proton and 7-carbon. Consequently, the structure of 4 was determined as kaempferol
The aqueous ethanol extract and the isolated compounds were evaluated for their 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging effect. The results are shown in Table 2 . In the present study, DPPH radical scavenging activities of the 3Ј,4Ј-dihydroxyl substituted flavonoids (such as quercetin) were stronger than those of the 4Ј-hydroxyl substitutes (such as kaempferol). When the 3-hydroxyl group was substituted by other groups, the activity seemed to be reduced, while the 7-hydroxyl substitutes could increase the ac- tivity in some experiments. The effect of flavonoids on superoxide anion radical exhibited a different rule from that of DPPH radical: the effect of the 4Ј-hydroxyl substituted flavonoids (such as kaempferol) is higher than that of the 3Ј,4Ј-dihydroxyl substitute (such as quercetin) and the 3-methoxy substitutes (such as 3-O-methyl quercetin) could increase the activity greatly.
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); UV spectra, Shimadzu UV-1200 spectrometer; IR spectra, Shimadzu FTIR-8100 spectrometer; FAB-MS and high-resolution FAB-MS, EI-MS and high-resolution EI-MS, JMS-SX 102A mass spectrometer; 1 H-NMR spectra, JEOL EX-270 (270 MHz); 13 C-NMR spectra, JEOL EX-270 (68 MHz) spectrometer with tetramethylsilane as an internal standard; HPLC, Shimadzu LC-10AS chromatograph.
The following experimental conditions were used for chromatography: normal-phase column chromatography, Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh), Cosmosil 75 C 18 -OPN (Nacalai Tesque Co., Ltd., 75 mm); TLC, pre-coated TLC plates with Silica gel 60F 254 (Merck, 0.25 mm) (normal-phase) and Silica gel RP-18 F 254 (Merck, 0.25 mm) (reversed-phase); HPTLC, pre-coated TLC plates with Silica gel RP-18 WF 254 (Merck, 0.25 mm) (reversed-phase). Detection was done by spraying 1% Ce(SO 4 ) 2 -10% aqueous H 2 SO 4 , followed by heating.
Bioassay Reagents: xanthine oxidase and nitro blue tetrazolium chloride (NBT) were purchased form Wako Pure Chemical Industries.
Extraction and Isolation The fresh stems of Opuntia dillenii (12.0 kg, collected from Hainan province of China) were finely minced and extracted with 80% aqueous EtOH under reflux. Evaporation of the solvent under reduced pressure gave the EtOH extract (268 g). This extract was partitioned into a CHCl 3 and H 2 O mixture, and then extracted with saturated aqueous 1-BuOH. Removal of the solvent under reduced pressure from the CHCl 3 -, 1-BuOH-and H 2 O-soluble fractions yielded 37 g, 103 g and 128 g of residues, respectively. The 1-BuOH-soluble fraction (90 g) was subjected to repeated normal-phase silica gel column [1. .0 mg) and the reaction mixture was stirred at 38°C for 12 h. The mixture was then poured into H 2 O and the whole was extracted with AcOEt. The AcOEt extract was washed with saturated aqueous NaHCO 3 and brine, then dried over MgSO 4 and filtered. After removal of the solvent under reduced pressure, the residue was purified by silica gel column chromatography (0.5 g, CHCl 3 -MeOHϭ20 : 1) to give 1 (4.3 mg), which was identified by comparison of the physical data with an authentic opuntiol.
Acid Hydrolysis of 2 A solution of 2 (10 mg) in 1 M aqueous HCl-1,4-dioxane (1 : 1, v/v, 2 ml) was heated at 95°C under reflux for 3 h. After cooling, the reaction mixture was neutralized with IRA-400 (OH Ϫ form) and the residue was removed by filtration. After removal of the solvent from the filtrate in vacuo, the H 2 O eluate was concentrated and the residue was purified by silica gel column chromatography (0. Acid Hydrolysis of 4 Compound 4 (5 mg) was subjected to acid hydrolysis as described for 2 to give kaempferol (1.6 mg) and a sugar fraction 8 mg) . HPLC analysis of the sugar fraction under the same conditions as in the case of that of 2 showed the presence of D-glucose (positive optical rotation). DPPH Radical Scavenging Activity DPPH radical scavenging activities of the EtOH extract and compounds were investigated according to the method of Uchiyama et al. 11) Briefly, a solution of the test compound in EtOH (1.0 ml), acetate buffer (pH 5.5, 1.0 ml) and 200 mM DPPH radical in EtOH (0.5 ml) was incubated at room temperature for 30 min. Reduction of the DPPH radical was measured at 517 nm. Measurements were performed in duplicate, and the concentration required for a 50% reduction (50% scavenging concentration, SC 50 ) of 40 mM DPPH radical was determined graphically. Results are shown in Table 1 .
· O 2 ؊ Scavenging Activity The improved assay method for superoxide dismutase described by Imanari et al. was used.
12) Briefly, a reaction mixture containing 100 mM xanthine, 100 mM EDTA, 25 mM NBT, 0.005% bovine serum albumin, and ca. 1.5 mU/ml xanthine oxidase in 33.3 mM sodium carbonate buffer (pH 10.2) was incubated with or without each test sample for 20 min at 25°C (total volume: 3.0 ml). After incubation, the solution was mixed with 0.1 ml of 6 mM CuCl 2 to stop the reaction. The formazan formation was monitored at 560 nm and IC 50 values for the formazan formation activity were determined.
